AbstractDevice-to-device communication (D2D) will be an integral part of 5G wireless networks. Device-to-Device (D2D) communication provide the additional resources to the cellular users for spatially reusing licensed/unlicensed spectrum by establishing direct communication. Although, D2D communication is gaining significant attention towards offloading traffic in heterogeneous networks in licensed band, no attention has been given to offload traffic in an unlicensed band in a centralized manner. However, a major challenge of D2D communication is managing resources in an efficient manner in a heterogeneous network. This paper will direct a new approach to D2D Communication and will present a scalable MAC protocol for D2D communications based on Point Coordination Function (PCF) access mechanism. The importance of PCF access mechanism is that it operates in a centralized manner and highly suitable for the dense environment, hence, can create a centralized control in a distributive manner. In this article, we propose an innovative three tier 5G architecture for D2D communication, which will offload cellular traffic from the cellular network to the WLAN in a dense environment. Moreover, we will present a new centralized scalable MAC protocol for D2D communication between WLAN users, based on the IEEE 802.11 Point Coordination Function (PCF) access mechanism. Our simulation results show that the proposed MAC scheme can increase the capacity of the network and perform better relative to the legacy Distributed coordination Function (DCF) defined in IEEE 802.11.
I. INTRODUCTION
As more users and devices become connected, one of the leading challenges facing mobile operators is to meet the demand of secure and high speed data to the customers with consistent quality. To meet this demand deployment of smaller cells has gained significant importance, as it will not only increase capacity but will also enhance the coverage of the network. Due to the scarcity of the licensed spectrum in cellular networks, small cells (Femto, Pico, Micro) are expected to use the same spectrum as used by the Macro cell, even when they are deployed in the same coverage area [1] . Hence, using the same licensed spectrum requires tight interference control between small cell and Macro cell, which is difficult to achieve.
Wireless local area network (WLAN), as an additional small cell, is gaining immense popularity, as it enables access to local services and internet at a lower cost for infrastructure by utilizing unlicensed band [2] . In contrast to cellular technology (3G/LTE), WLAN has a much simpler protocol, consume less energy since it operates at lower power and also provides better spatial reuse.
Joint deployment of cellular networks and WLAN can combine the unique strength of WiFi with cellular network and can offer the subscriber a true compelling experience. It will increase the overall capacity of the heterogeneous networks with minimum interference. Recently, different LTE-WiFi aggregation solutions have been introduced to boost the capacity. One of the emerged technology is LTE-U (LTE unlicensed) further modified to LAA (license assisted access), it offload traffic from cellular to 5GHz unlicensed frequency bands. LAA works on the mechanism Listen Before Talk (LBT) coexists with 802.11 and CSMA/ DCF (Distributed Coordination Function) functionality. Some mobile network operators tested and claim that LTE-U operates with little interference with neighboring WLAN networks, other analysis shows just the opposite [3] . Whereas, some companies like Google and Cable companies are not in favor of LTE-U as it will block access to Wi-Fi, creating a looming disaster for their business models [4] . With LTE-U the biggest disadvantage currently suggested by some wireless companies is that it will degrade the overall network throughput of Wi-Fi by giving priority to LTE-U users and starvation will occur for already existing Wi-Fi users. Using contention-based as the access mechanism for WLAN will also result in high packet loss during heavy load due to the collision. There is still an open debate going on to whether LTE-U will emerge to be a successful technology or not [3] . LTE WiFi Aggregation (LWA) emerged as a new alternative technology to LTE-U/LAA which is controlled by eNB (E-UTRAN Node B), based on user equipment measuring report [5] . LWA uses unlicensed bands like LTE-U/LAA but transmission is done through WiFi unlike LTE-U/LAA and does not require new LTE-enable 5 GHz hardware and it can transmit LTE traffic through WiFi AP (access point) connected to LWA base stations [6] . Unlike LTE-U/LAA, LWA does not commence a new unlicensed protocol that requires LBT mechanisms, but instead practices the current, proven Wi-Fi protocols and coexistence mechanisms to carry LTE information. LWA eNB and WiFi AP can be collocated or non-collocated and if non-collocated, data is delivered through IP tunnel between them with special interfaces [6] . LWA has many advantages over LTE-U including cost effectiveness, pervasiveness, coexistence, and easy approvals [6] .
Allowing D2D communication in LTE-WiFi aggregation solutions can be very beneficial with D2D operating in unlicensed band for WiFi transmissions, to further offload traffic and enhance coverage while minimizing cross-tier and crosstechnology interference. In D2D communication, two devices can communicate with each other with little or no involvement from a Base Station (BS). D2D communication did not gain much attention till 4G technology was introduced, and gradually, operator's attitudes changed towards D2D communication and it was introduced in LTE-Advanced (LTE-A). Since then, D2D has gained immense importance in the wireless industry and will be considered to be an essential part of 5G wireless networks due to its distinct features; increase in spectral efficiency, capacity gain, and lower end-to-end delay. D2D communication can save power and be energy efficient [7] , [8] . D2D communication can provide an efficient solution for local media services, context-aware services, public safety, cloud computing and IoT (Internet-of-things). D2D communication can also be beneficial in natural disasters, earthquakes or hurricanes.
Nowadays, popular YouTube videos and movies are downloaded by sending a request to BS, such requests waste precious spectral resources. Storage space is the fastest growing quantity in communication devices. Smart-phones and tablets, that have 10-64 GB of storage are under-utilized [9] . D2D communication can be very beneficial for sharing of various types of contents. Service providers can take advantage of D2D functionality by offloading traffic in an area where traffic is increased for a certain period of time, for example, during an exhibition, fair, or stadium by allowing direct transmission between two devices without choking the network. The main technical challenges of D2D communications are resource allocation, interference control, and security.
Few papers have been published relating to offloading excess traffic from cellular to WLAN networks [10] , [11] , especially in indoor environments [12] , but this area requires extensive attention in research, especially for outdoor environment with further improvement using D2D communication.
Resource Allocation is one of the vital features that needs to be addressed efficiently and effectively to improve the performance of the network when offloading traffic using D2D communication in heterogeneous network.
In this article, we will be propose an innovative three tier 5G architecture, in which cellular users can directly communicate with WLAN and offload traffic. Furthermore, we will propose a Scalable MAC (SC-MP) protocol for D2D communication based on IEEE 802.11 PCF access mechanism. We introduce a novel SDN-based mechanism for PCF based on best Signal to Noise Ratio (SNR) polling scheme in contrast to round robin. The throughput of the network is further increased by sharing multimedia through D2D communication between WLAN users. Our proposed architecture is builds on the LWA technology with modification in resource allocation scheme based on IEEE 802.11 PCF to access WLAN channel with an additional increase in throughput by D2D communication.
Our simulation results will show that the proposed scheme can perform better in a dense network when compared IEEE 802.11 Distributed coordinated function (DCF) access mechanism and LTE-U. The main contributions of our paper are as follows:
• The proposed scheme will increase the capacity of the network and accommodate more users by developing a three tier network comprising of Macro BS, WLAN BS, and D2D communication.
• Our proposed scheme will categorize the users into premium users and normal users. Priority is given to the premium users and will be connected to the Macro BS to maximize the premium user throughput.
• The normal users are offloaded to WLAN based on SNR and can further establish D2D communication for content sharing. This will maximize the overall network throughput.
• Our proposed scheme will allocate WLAN resources to the normal users in a centralized and efficient manner based on a novel PCF strategy, which will develop a centralized control in distributive manner. Polling scheme in PCF will be based on the basis of best SNR in contrast to round robin.
II. BACKGROUND

A. Overview of MAC Protocols
In this section, we will give a brief overview of MAC protocols for D2D communication. These include infrastructure assisted D2D networks operating under centralized control and ADHOC networks operating in a decentralized manner. Much work has been done on resource allocation in ADHOC networks. The MAC layer in ADHOC networks defines three different access methods that have been standardized by IEEE 802.11:
• Time Division Multiple Access (TDMA): In this technique channel is divided into time slots and one user can access the channel in each time slot. In TDMA all the users use the same frequency channel at a different time, hence requiring the transmitter and the receiver to be frequency synchronized. TDMA minimizes the interference, collision, and latency for every receiving user. Another important feature of the TDMA scheme is that it allows a different number of time slots to be allocated to different users which can allocate on-demand resources to different users by rescheduling time slots based on access priority [13] . centre of attraction for the researchers from 1980s and many paper have been proposed [14] - [16] . The major drawback for this access method is it suffers from the hidden and exposed nodes.
• Point Coordination Function (PCF): PCF is polling based scheme. Polling scheme can be either round robin or priority-based. In PCF, a wireless channel has a superframe structure; contention free period (CFP) and contention period (CP). PCF resides in the point coordinator also known as Access Point (AP). This scheme is not suitable for the lightly loaded networks as it can increase the delays. PCF is generally suggested for heavy loads as there is no collision between the nodes, causing less packet loss. Some researchers have suggested different polling schemes including round robin scheme [17] and earliest deadline first [18] . Not much work has been done using PCF in WLAN and one reason is that it requires synchronization which is hard to achieve in mesh/ADHOC networks. However, with the presence of cellular network synchronization is not a problem.
• Hybrid Coordination Function (HCF): HCF is an improved modification of DCF that combines the enhanced DCF with selected PCF features to simplify the QoS model. HCF access mechanism defines a set of Quality of Service (QoS) enhancements for WLAN applications. HCF has two access mechanism: EDCA (enhanced distributed channel access) and HCCA (HCF controlled channel access). EDCA defines traffic category by where each category has a different priority. Researchers are still exploring HCF and it still requires further attention.
To the best of our knowledge, no work is presented that can use the combination of infrastructure assisted D2D networks and ADHOC networks, hence forming a centralized control in the distributed manner.
III. SYSTEM MODEL
A. Proposed Three Tier Architecture
Often, during peak times, Macro Base Station cannot accommodate all users, either QoS is degraded due to interference or the call cannot get through due to network saturation. Deploying a temporary WLAN Base Station (WBS) in these problematic areas will be very beneficial as it can accommodate more users without degrading the QoS. It is easier to deploy WLAN because of its cost effectiveness and relatively low difficulty to deployment. Figure 1 presents a system model that proposes a three tier 5G heterogeneous architecture for a dense environment. Long Term Evolution (LTE) technology is used as a baseline in our proposed architecture for the cellular network.
A cell consists of one LTE MBS that is overlayed by one WBS. Real-time services; voice and video are taken into consideration. All users operate in multi-mode terminals that can function in both radio technologies: LTE and WLAN. In the proposed scenario, Quality of service (QoS) is taken into account and users are differentiated in two categories, premium/corporate and normal users. Signal to Noise ratio (SNR) is a major parameter for users in the downlink to access WLAN. Premium users are always given priority over normal users and, as a result, they are always connected to LTE MBS. LTE MBS will calculate the SNR of each premium user and will accommodate the best premium users with the best SNR and will dedicate a certain amount of bandwidth (BW). The premium users can use the dedicated bandwidth for voice or video applications. Normal users are offloaded to WLAN based on the SNR, to further improve the network performance.
It is assumed that the network is synchronized and WBS is aware of the geographical location of users. If a user moves from one location to another, the location of that user are updated by WBS. As this architecture is proposed for 5G,
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it is also assumed that Software Defined Network (SDN) is deployed at the core end. To gain higher speed and massive connectivity, it is important that decisions made at the core side be rapid, structured and congestion controlled. Software defined controllers that appear to have a global view of the network will manage the network services quicker and more efficiently. Currently, SDN and routing protocol are out of the scope of our paper but for further understanding paper [19] can be referred.
Resource allocation in WLAN has to take place efficiently and intelligently so that most normal users can be accommodated without saturating the network. To achieve this, we propose a new MAC protocol called SC-MP which is described in the following section.
B. Scalable MAC Protocol (SC-MP)
Resource allocation schemes need to be devised so that they can balance the traffic load and minimize the interference simultaneously, hence allowing for a balance between these two objectives to be achieved.
SC-MP combines the advantages of PCF and Time Division Multiple Access (TDMA-based) services for transporting voice and video packets efficiently. PCF works efficiently under high network load and reduces contention for a large number of users. TDMA partitions time into fixed slots and users transmit data in their assigned slots, hence avoiding collision and packet loss. TDMA based protocols are more energy efficient and the energy consumed is proportional to the length of the transmission cycle while the latency is proportional to the size of the network [20] .
As PCF works over polling based scheme, instead of using simple round robin scheme, we introduce a best SNR polling scheme, as it will minimize the delay by taking in account the channel conditions and can connect the users with the best coverage first. In this protocol, each user is assigned a time slot (TS) once its polled by the point coordinator, resulting in dynamic slot assignments on a frame-by-frame basis. WBS will be acting as a point coordinator (PC) for the users associated with WLAN. WBS has to first sense the channel idle for PCF Inter-frame Space (PIFS) period and then a beacon frame is transmitted at the start of the contention-free period by WBS. As WBS is aware of the location of users, it calculates the distance of the user from WBS and further calculates the SNR of each user in its vicinity and will create the polling list with descending SNR. In this scheme, WBS must poll all stations regardless of whether a station has a pending frame or not. Each frame begins with the polling of the first user which has the best SNR and this order continues with better SNRs taking priority over. If the first user needs to transmit a packet, a TS is assigned to the user by WBS immediately. Once the transmission is over, WBS polls the second user on the polling list and so on. If the user does not need to transmit data, a null frame is sent by the user and no TS is assigned to it and the next user will be polled. If all the users in the polling list are not polled and the cycle ends, in the next cycle WBS will resume polling from where the polling list ended. This will provide fairness between the normal users. The advantage of creating a polling list on the basis of SNR is that the best coverage or closest user is always served first which will cause less delay and maximize the throughput. Figure 2 shows the polling mechanism for SC-MP based on best SNR, where station A has the best SNR followed by station B and station C. Station A is polled and a TS is assigned by the WBS for voice call. Similarly station C is polled and assigned a TS to download a video. SC-MP will not only allocate resources in an efficient manner but also provide fairness to all users. Since each station is scheduled to transmit at a definite time slot no collision occurs in SC-MP, this will, in turn, maximize the throughput.
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C. Device to Device Communication (D2D) in SC-MP
We will further extend the SC-MP scheme by introducing D2D communication for caching popular multimedia files, in particular the video files as we taking real-time services, to mobile devices and WLAN BS. When a user is polled by WBS and needs to download a video, WBS check in its cache memory, whether or not it has already been downloaded. If the video is not downloaded, WBS assigns a time slot to the user to download the video, as shown in Figure 2 for station C. Once the video is downloaded, it will be stored in the cache memory of WBS with the location information of the user. If a new user request for the already downloaded video, WBS will check for the video and location information of the user in reference to that video. WBS will check the distance between the downloaded user and the new user. If the distance is below the threshold value, WBS will allow D2D communication between the two users by assigning a free channel for a specific time period. If a video is not requested, by any other user for a certain time, WBS deletes the video from the cache memory as it can save the storage space as well.
By allowing D2D communication in WLAN, it can decrease the delay especially for the normal users at the edge of the cell, which in return will improve the network performance. Also D2D communication can further increase the capacity of the network by saving WLAN resources in efficient manner.
A flow chart for the proposed scheme is shown in Figure  3 . Our innovate three tier 5G architecture and proposed Scalable MAC protocol for D2D communication has great potential to be applied in practical scenarios. It will be beneficial for events like:
• Sport matches in a stadium We have considered a single hexagonal cell with one LTE MBS overlaid with one WBS. In our analysis, we have considered both voice and video applications. LTE system with a maximum capacity of 100 Mbps and WLAN with the capacity of 54 Mbps. Users are randomly generated that varies from 20 to 150. In our simulation, 20 percent of users are assumed to be premium users with the rest being normal and 5 Mbps bandwidth is dedicated to the premium users which they can use for video or voice applications.
We are going to evaluate the network load, network throughput, and packet loss ratio. The simulation consists of three scenarios, which consist of an LTE system without offloading, an LTE system with offloading to WLAN using the DCF access mechanism, and the proposed scheme which is LTE system with offloading to WLAN using the PCF access mechanism with D2D communication. Figure 4 illustrates the result for a total network load versus the number of users. The graph shows that LTE system without offloading reaches saturation around at 60 users, which includes the premium users as well as the normal users. It can be seen from the graph that proposed scheme performs better as compared to DCF when the traffic offloading scenario is taken into LTE system. In a large network, the DCF access mechanism can cause high collisions between the users. Further, load increases in the proposed scheme due to D2D communication between the WLAN users. Figure 5 shows the network throughput graph. LTE system without offloading has the lowest throughput whereas the proposed scheme shows the better result than LTE without offloading and LTE offloading with DCF. As the number of normal users increases, more users try to connect to WBS, hence increasing the throughput of the WLAN, since more packets are successfully received at the access point. The throughput of WLAN using the DCF access mechanism is less than the proposed scheme because more collision occurs with the increase of users, whereas in the proposed scheme throughput increases as there is no collision in the PCF access mechanism and two users within range can start D2D communication for content sharing. Packet loss ratio graph has been shown in the Figure 6 . The proposed scheme has almost no packet loss as each active user is assigned a time slot to transmit the data and using D2D communication they can communicate without the loss of packet as the distance between the users is short. It can be seen from the graph that if DCF is used to offload traffic in WLAN, it can create high packet loss ratio due to the collision.
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Our results show that the proposed scheme can not only increase the capacity but also can maximize the throughput of premium and normal users using D2D communication.
V. CONCLUSION AND FUTURE WORK
The collective use of smart-phones and data-hungry applications have evolved in significant growth in demand for wireless data services in recent years. To meet this requirement, one of the solution is to offload cellular traffic from a Macro cell to a smaller cell, particularly WLAN, as it operates in the unlicensed band. In this paper, we have proposed a novel three tier 5G architecture with a technique to offload traffic from LTE to WLAN. Furthermore, a scalable MAC protocol for D2D communication is proposed based on PCF access mechanism. The best SNR polling scheme is used for PCF which can take in consideration the channel condition of the user instead on simple round robin scheme. D2D communication further increases the network throughput by sharing content files between the WLAN users and decreases the delay of the normal users. Our results show that proposed architecture and scheme performs better as compared to IEEE 802.11 DCF access mechanism and the greater number of users can be accommodated when implementing D2D communication in WLAN.
Our future work can further extend the proposed scheme using multiple WLAN in a single cell. Also we can adjust the power levels of user equipment for further optimizing the D2D communications. Furthermore, using D2D communication approach we can extend the scheme taking in account the energy consumption.
